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@ Grapliitizad caibon fibers. 



I There are disclosed giaptiitized vapor-grown carbon fibers capable of forming composite materials 
having the graptiitized vapor-grown carbon fibers contained at a high packing density and Ibrming 
molded members consisting substantially solely of the graphitized vapor-grawn cart>on fitters, a 
process for the prsparation of the graphitized vapor-grown carbon fibers, the molded member, and the 
composite member. The graphitized vapor-grown cart)on fibers have a mean fiber diameter of 5 ^. m or 
smaller, a mean fiber length of 90 p. m or shorter, a mean aspect ratio of from 1 to 18, and a electronic 
spin density of 8 x 10^® splns/g or less, when measured by ttie electron spin resonance absorption 
method. Such graphitized vapor-grown cartx>n fibers are prepared by graphitizing the vapor-grown 
carbon fibers at 2,000°C or higher and then fracturing them by applying a high impact thereto. The 
molded members can be formed, for example, by hydrostatic pressure-isotropic pressure molding 
techniques. The composite members can be prepared by compounding tiie vapor-grown and 
graphitized carbon fibers with the matrix. 
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The present inventi n relates to vapor-grown and graphftized carbon fibers, a process for the preparation 
of th cart>on fibers grown in a vapor phase and then graphitized, niolded m mbers of th vapor-grown and 
graphltized carbon fibers, and composite members thereof. More particularly, th pres nt invention relates to 
vapor-grown and graphitized carbon fib rs suitabie for composite members such as composite materials, com- 

5 positemold dm mbers r the like, or molded memb rs formed substantially solely with th vapor-grown and 
graphitized carbon fibers, a process for the preparation of the vapor-grown and graphitized carbon fibers, the 
molded members thereof comprising solely or substantially solely of the vapor-grown and graphitized cartx)n 
fibers, and composite members comprising the vapor-grown and graphitized carbonf ibera and a nnatrix. 
Carbon fibers grown in a vapor phase which may be said as vapor-grown carbon fibers can be prepved 

10 by subjecting a cart>on compound to pyroiysis at temperature ranging from 800''C to 1 .300 ""C In the presence 
of a catalyst comprsing iron or nickel in the superfine particle form. The resulting vapor-grown carbon fibers 
then can readfly be converted Into the carbon fibers having a graphite structure by heating the vapor-grown 
carbon fibers. For example, when the vapor-grown carbon fibers are heated at temperature higher than 
2,800**C to form vapor-grown and graphitized carbon fibers, crystal lattice planes in the direction parallel to 

IS the fiber axis in the vapor-grown and graphitized carbon fibers have less defect and form of an annual ring. 
IHenoe, the carbon f Ibere grown In the vapor phase and then graphitized can offer the characteristics that they 
have a high degree of physical strength and elastic nmlulus and that they are highly conductive thermally and 
electrically. 

It is thus greatiy expected that the vapor-grown and graphitized carbon fibers can provkJe composite ma- 

20 terials having excellent properties. With this expectation, extensive review has been made with the attempt 
to develop nrK>lded members containing such vapor-grown and graphitized cart)on fibers at a high packing den- 
sity and consisting substantially solely of such cartx)n fibers. 

As a result of such extensive review, however, it has been found difficult to form such molded members 
consisting substantially solely of such vapor-grown and graphitized carbon fibers and containing them at a high 

25 packing density. This difficulty may be assumed to reside in the matter that, when the vapor-grown and graphi- 
tized cartxin fibers are mixed with another material to thereby form a composite material, there are employed 
the vapor-grown and graphitized carbon fibers that are prepared by adjusting the vapor-grown carbon fibers 
with a means such as a ball mill or the like so as to have an appropriate fiber length, for example, having an 
aspect ratio of 1 00 or tower in order to prevent the carbon f ibera from uneven disperstoh, and then by subjecting 

30 the resulting carbon fibers to graphitization. The vapor-grown and graphitized cart)on fibers so prepared are 
less defective in a crystalline structure so that they are less wetteble with other materials and high in elastic 
modulus. Hence, the shape of molded member of vapor-grown and graphitized carbon fibers cannot be sus- 
tained when molded membere are to be formed substantially solely with vapor-grown and graphitized vartwn 
f ibera for its' high packing density. Further, the resulting molded members become very firagOe even if the 

35 shapes of the vapor-grown and graphitized cart>on fibers could be susteined. 

On the other hand, extensive review has recentiy been made with the attempt to develop a lithium ion 
secondary battery that uses cart)on as an active substance for an electrode. 

Although a lithium secondary battery has drawn attention due to ite high energy density, there is the risk 
that may be caused to occur if Rs electrode is not sealed in a complete way because a metallto lithium that Is 

40 highly active to oxygen and ntorture is employed for the electrode. Further, it can suffer from the disadvantage 
that the electrodes are short-circuited due to the formation of needle-like crystels of lithium. I.e. dendrite, on 
the surface of the lithium electrode. Hence, a growing interest has t>een shifted to the lithium k>n secondary 
battery whteh uses as the electrode a cartx>n that can form an intercalation compound with the lithium tons, 
because the lithium ton secondary battery does not cause those risk and disadvantage, even if the lithium ton 

45 secondary battery should sacrif toe the energy density so high as prevailinig in the lithium secondary battery 
to some extent 

Among the carbon-lithium ton intercalation compounds, the compound that contains a taigest anrtount of 
lithium tons is a compound of first stage and the ratio of carbon atoms to lithium atoms is sbc to one (6 : 1). If 
all the carbons are used for producing intercalation compounds and all the lithium atoms interculated on a 
50 charging process are fully de-interculated on the discharging, the quantity of electricity that can be discharged 
is a maximum of 372 mA hour per gram of carbon. Although a variety of ef forte have been made so far to attain 
the theoretical quantity of dischargeable electrtoity, however, no compound of f Iret stage having a satisfactorily 
high quantity of electricity is found yet 

The pres nt inv ntion has been completed on the basis of th technical art as d scribed hereinabove and 
55 th finding so far mad as w II as th inventor's assumption. 

Th primary bjectofth pres ntinv ntionlstoprovid vapor-grown and graphitized cart>onf ibera capabi 
of fornmilating composite membera such as composite materials consisting substentially sol ly of th vapor- 
grown and graphitized carbon f Ibera, composite molded membera. orth Ilk . 
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Another object of the present invention to provide a process f r the preparation of the vapor-grown and 
graphitized carbon fibers. 

Alurther object of th present invention is to provide nK)lded members having the vapor-grown and graphn 
tiz d carbon fibers contained at a high packing density. 
5 Astillfurth r bject of the present Inv ntion is to provide composite members containing th vapor-grown 
and graphitized carbon fibers. 

In order to achieve the objects as described hereinabove, the present invention consists of the vapor- 
grown and graphitized cart>on fibers characterized by cart)on fibers grown in the vapor phase and graphitized, 
which have a mean fiber didieter of 5^m or smaller, a mean fiber length of 90 (im or shorter, a mean aspect 
10 ratio of from 1 to 18. and a spin density of 8 x 10^^ spins/g or less, when measured by the electron spin reso- 
nance absorption method. 

The present invention further consists of the process for the preparation of the vapor-grown and graphi- 
tized cartwn fibers, which is characterized by subjecting vapor-grown carbon fibers, which are not fructured 
to a substantial extent, to graphitization by heating them at temperature of 2,000"C or higher and then by firao- 
15 turing the resulting vapor-grown and graphitized cart)on f ibera at a high Impact so as for the resulting vapor- 
phase and graphitized carbon f ibera to have a spin density of 8 x spins/g or less, when measured by the 
electron spin resonance absorption method. 

The present invention additionally consists of the molded membera consisting substantially solely of the 
vapor-grown and graphitized carbon f it>ers. 
20 Furthermore, the present invention consists of the composite membera comprising of the vapor-grown 
and graphitized carbon fibers and a matrix. 

Figure Is a schematic representation showing the structure of an example of a high-impact treatment ap- 
paratus so adapted as to be employed appropriately for the process according to the present invention. 

25 a Vapor-Gro¥yn and Graphitized Cartwn Rbere 

Vapor-grown and graphitized carbon f ibera may also be abbreviated to VGCF in this specification. 
The VGCF according to the present invention have a mean fiber diameter of 5 |im or smaller, preferably 
from 0.1 ^m to 3 Mm, and more preferably lirom 0.3 iim to 2 pm; a nnean fiber length of 90 ^m, or shorten and 
30 a mean aspect ratio of from 1 to 18, preferaUy from 2 to 16, more preferably from 5 to 15. The VGCF having 
such characteristics can be used to form molded membera and composit membera with high paldng density. 

Altenatively, it is preferable that the VGCF have a mean fiber diameter of from 1 .5 pm to 3.0 with a 
view to retaine high charge volume of negative electrode in a secondary battery. When a mean fiber diameter 
of VGCF is smaller than 1 .5 |im, charge volume of negative electrode m asecond battery becmes snnall and 
35 a mean fiber diameter of VGCF Is larger than 3.0 \urt\, shape of electrode becomes degradative and the elec- 
trode reduce its characteristc of cyde of charge and discharge. 

When the mean aspect ratio of the VGCF exceeds 1 8. there may t>e prepared no composite molded menv 
bera having good properties. 

The VGCF according to the present invention have a spin density of 8 x lO^^pins/g or less, preferably 7x 
40 10^^ spins/g or less, when measured by the electron spin resonance absorption method. 

When the spin density of the VGCF according to the present invention exists within the range as described 
hereinabove, the resulting cart>on ilbers can be used to produce a coating layer or a nrK)lded retentive of its 
shape and can be used as a material having high amount of discharge. Therefor the carbon f ibera can be used 
an electrode of l>attery using of form of an Intercalation compounds with lithium Ion. 
45 The VGCF according to the present invention have the interplanar distance (dooz) of the graphite lattice 
which may be usually 3.45 A or shorter, preferably from 3.35A to 3.42 A , more preferably from 3.35A to 3.37A , 
and the thldoiess of the graphite lattice plane in the condensed benzen ring's form, that is, the thldcness (UJ 
of the laminated lattices in the crystal which may be usually 30 Aor thidter, preferably 300A or thidcer, more 
preferably 1 ,000A or thidcer, when considerd from the point of view of that highly developed graphitization con- 
so tributes to form good retention of shape of nx>lded membera made by VGCF, good formation of intercalation 
compound made by VGCF and lithium, good formation of molded membera having highly conductive electri- 
cally, and good composite membera forming thin layer and having large strength and highly conductive ther- 
mally and electrically. 

Th VGCF according to the pros nt inv nti n may be appropriately empi yed for th preparation of th 
55 composite m mbera, such as the composite materials, the composit nnolded membera, and so on. The c nv 
posits materials may be prepared by compounding the VGCF with a plastic material, a rubbery material, a met- 
allic mat rial, a ceramic material, a paint, an adhesiv s, rth lilce with a high paddng density. Th composite 
nmid d membera consisting solely or substantially solely of the VGC may be prepared by compounding a large 
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majority quantity of the VGCF with the possible smallest amount of a binder, if necessary. The composite ma- 
terials and th composite molded members may be used as highly electrically conductive materials, highly th r- 
mally conductive mat rials, carriers f r catalysts, and so on. 

5 b. Process for the Preparation of the VGCF 

The VGCF according to the present invention, that is, the VGCF suitable for the composite materials, can 
be prepared by the procedures of the process according to the present invention as wHI be described herein- 
after in more detail. 

10 More specifically, the VGCF can be prepared by heating the vapor-grown cart)on fibers at temperature 
of, for example, 2,000**C or higher and then by subjecting the vapor-grovm cart>on fibers to graphitization, fol- 
lowed by fracturing the resulting vapor-grown and graph Itized cart>on fibers at a high impact The vapor-grown 
and graphitized cart)on fiber may be sakJ as pre-VGCF because of distinguishing from VGCF of present in- 
vention. 

16 The vapor-grown carbon fibers can be prepared by the vapor phase method as will be described herein- 
after. The vapor phase method to be applied to the formation of the vapor-grown carbon fibers to be used for 
the present invention may include a so-called substrate method, i.e. the method for the growth of the cartx)n 
fibers on a substrate and a so-called f luidized growth method, i.e. the method for the growth of the carbon 
fibers In a flow. The substrate method involves flowing hydrocarbon gas as a cart)on-80urce gas over a base 

20 with a catalyst meted such as a transition metal or a transition metal compound deposited thereon in a high 
temperature furnace, thereby depositing cart>on f it>ers on the surface of the substrate. The fluidlzed growth 
method involves flowing a mixture of a metallic compound, serving as a catalyst metal, and a carbon compound, 
serving as a carbon source, in a vapor phase through a reactor tube heated at high temperature, without the 
use of any base, thereby fornting cart>on fibers in flowing gas in the reactor furnace. 

25 Specif ically, the vapor-grown carbon f ibera can be used as a raw material for the process according to 
the present invention, which can be prepared by processes disclosed, for example, in Japanese Patent Unex- 
amined Publication (kokai) Nos. 52-107,320, 57-117,622, 58-156.512. 5&-180,615, 60-185,818, 60-224,815, 
60-231,821, 61-132.600, 61-132.630, 61-132,663, 61- 225,319. 61-225.322. 61-225,325. 61-225.327, 61- 
225,328, 61-227,425, and 61-282,427. 

30 The vapor-grown cartx>n fibers to be employed for t he process according to t he present invention can then 
be treated by graphitization that invoh/es heating them at temperature of approximately 2,000 or higher to 
thereby yield the pre-VGCF. 

The graphitization may usually be carried out In an atmosphere In which an inert gas, for example nitrogen, 
helium, argon and so on, is present The time required for the graphitization may be usually five minutes or 

35 longer. 

In accordance with the process according to the present invention, the pre-VGCF prepared in the manner 
as described hereinabove are then treated by fracturing them at a high impact to form VGCF. 

it can be noted that, generally, when the molded members and the composite membere are prepared from 
the VGCF, it is necessary that the pre-VGCF having their original length as grown after graphitization are re- 
40 quired to be fractured, because it is difficult to mix pre-VGCF with other components hogeneously. In this case, 
in order to allow the graphitization to be carried out in an efficient way, the pre-VGC are usually fractured prior 
to the graphitization to reduce the bulkiness of the carbon fibers. 

It has been found by the present inventore, however, that there is the great difference between the VGCF 
prepared by carrying out the fracture treatment prior to graphitization as in the conventional method and those 
45 prepared by carrying out the fracture treatment after the graphitization as in the present invention. The reason 
for creating that great difference is not yet clarified. 

It is further found that, when the pre-VGCF are fractured at a high Impact prior to the graphitization. the 
resulting VGCF has a high spin density at g=2.01 5 in t he electron spin resonance (ESR). It can be noted herein 
that the g value of 2.015 corresponds to the oxygen radical. 
50 On the other hand, it Is found that, when the pre-VGCF are not caused to be fractured to a substantial 
extent prior to the graphitization and they are fractured ata high impact after the graphitization, as in the present 
Invention, the spin density can be reduced, thereby Improving the physical properties of the resulting molded 
members and composite nDembers. 

From the finding as described h reinabov ,th process forth preparation of th VGCF according to the 
55 present invention comprises fracturing the pre-VGCF by applying the high impact thereto. 

Th methods for mflling and crushing, such as ball mill, roller mill rth lik , are gen rally ad pted in order 
to make fin ly divkJed particles of materials furth r smaller. Th ball mill, roil mill or such th r procedures, 
however, may grind or crush the pre-VGCF to such an extent that a portion of the VGCF cannot sustain their 
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fibrous shapes any more and it is difficult to control the ball milK roll mill or such other procedures so as to 
make the fiber I ngth a d (red value. Further, th se milling processes require a longer time for treatment 

On the other hand, it is preferred that the process according to the present inv ntion is carried out by frao- 
luring the pre-VGCF solely by applying the high impact thereto. The process according to the present Inv ntion 

5 canconv ni ntty adjust th VGCF within a treatment time as short as sev ral minutes so as to have a mean 
fiber length and so on, as defined by the present Invention. 

More specif icaliy, an example of the treatment for fracturing the pre-VGCF involves applying the high im- 
pact to the pre-VGCF through the high-impact treatment apparatus as shown in the Figure. The high-impact 
treatment apparatus comprises a cylindrical container 3 having a plurality of Impact blades 3 arranged radially 

10 so as to be rotatable and a self-circulation path 1 having its one end nruMinted to a peripheral side of the cy^ 
indrical container 3 and having the other end mountedto a central portion of a fiat plate of the container 3 so 
as to form a passage for air flow. The high-impact treatment apparatus may allow the pre-VGCF to be placed 
therein and to apply the high impact to the pre-VGCF by rotating the Impact blades 2 at a high speed. 
The fiber length of the VGCF can be adjusted mainly by changing the power of the high impact in the trea^ 

IS . ment by applying the high impact to the pre-VGCF. The high Impact can be applied by rotating the Impact blades 
of the high-Impact treatment apparatus although it is also possible to strike the pre-VGCF to the blades or the 
inner peripheral wall of the cylindrical container in a one-way direction or in reciprocating directions. The rotation 
of the Impact blades is preferred because it Is easier in operations than the other procedures. The application 
of the high impact to the pre-VGCFallowstheflbere to becutorfractured attwooccaskins: atthe first occaston 

20 when the fibers are caused to be struck to the impact blades and at the second occaskm when they are caused 
to be struck to the inner peripheral wall of the container. 

The conditions for applying the high impact to the pre-VGCF may vary greatiy with the kind of the high- 
impact treatment apparatus or the like. In other words, the various conditions can oonvenientfy be chosen to 
thereby have the pre-VGCF ground or fractured so as to make the VGCF have a spin density of 8 x 1 O^b splns/g 

25 or less, when measured by the electron spin resonance absorption method. 

Although the velocity of rotation of the impact blades applying the high impact to the pre-VGCF (or the 
velocity at which the pre-VGCF are struck to the inner peripheral wall of the container of the high-impact treat- 
ment apparatus) can appropriately be chosen In accordance with the fiber dimension, the desired aspect ratio, 
or the like, the velocity of the rotation of the impact blades may preferably be set to 40 metere per second, 

30 more preferablyto 60 meters per second. The higher velocity can offer the better effect upon the fracture of 
the pre-VGCF. The operation of the apparatus at the velocity exceeding 100 nrieters per second may suffer 
finom the disadvantages, however, that the apparatus should become larger In size due to the necessity of a 
protective device for safety measures, the way of operating the apparatus may become complex, and the op- 
eration may cause the economical inconvenience. The time required for the fracture of the pre-VGCF may ap- 

35 propriateiy be within 5 minutes and the longer treatment time is economically disadvantageous. It is to be noted 
herein that the velocity of the rotation of the rotatable impact blades is determined as the velocity at which 
their outermost ends of the impact blades rotate, because the velocity of the rotation at the outermost ends 
of the impact blades is the fastest and it can offer the greatest effect upon the fracture of the pre-VGCF. 
The treatment by friacturing the pre-VGCF In the manner as described hereinabove can form the VGCF 

40 having the spin density of 8 x lO^^ spins/jg or less, when measured by the electron spin resonance absorption 
method. 

Decreasing of the spin density means decreasing an amount of oxygen radk»l on a surfece of VGCF. 

Undear is a reason why an amount of oxygen radteal is decreased by the fracturing of pre-VGCF with high- 
Impact and an amount of oxygen radical is not so decreased by the graphitizing vapor-grown carbon fibers 
45 and fracturing. The inventors suppose that graphitizing causes to arrange graphite structure to generate carbon 
radicals and those radicals react with air to form oxygen radicals after fracturing. Altenatively, It is supposed 
that generated oxygen radicals are changed to functional groups by fracturing and that functional graphitization 
of fractured vapor-grown carbon f ibera by fracturing causes generated functional group to decompose by pyr- 
olysis. 

50 It is supposed that the generated oxygen radicals exist mainly on the surface of fracturing secsion or cutting 
section through which lithium ton can enter VGCF in lithium secondary battery and therfbr the oxygen radicals 
react with the other compounds for example solvents to form solid electrollte interface (SEI) which prevents 
lithium ton to enter VGCF. Alternatively, it is supposed that because the functional groups formed from the 
oxyg n radicals contributes to raise up an affinity of VGCF to matrix or another VGCF, VGCF having such funo- 

55 ti nal groups can coagulate each other and molded members of VGCF and composite members of VGCF can 
be f rmed with high packing d nsity, good ret ntiv n ss of shapes, high impact strength and highly oonductiv 
thermally and electrically. 

On the other hand, when the cart)on f ibere are fractured after the graphitization of the vapor-grown cart)on 
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fibers in accordance with the process of the present invention, the effects to be achieved by the present in- 
vention can be created because th reexistalarg number of the functi nal group nth fracture surfaces of 
the carbon fibers, which can worlceffectiv lywithth matrix rth bind rsothattheVGCF are provided with 
a sufficient degree of w ttabiiity with th matrix or the binder. 

5 

c. Molded Members And Composite Members 

The molded members according to the present invention consist solely or substantially solely of the VGCF 
as descrit>ed hereinabove. The molded members may contain a binder capable of binding the VGCF together 
10 in such an anwunt as failing to adversely affect the objects of the present invention. The amount of the binder 
may be usually less than 20% by weight The nK)lded members can be formed and processed by molding or 
forming processes, for example, by hydrostatic pressure-isotropic pressure molding techniques, hot press 
method, cast film process with solvent and so on. 

As the molded members oonstet solely or substantially solely of the VGCF, all fibers of the VGCF come 
15 into contact with one another in the molded members, thereby imparting higNy electrical and thermal con- 
ductivity. Further, the molded members consisting solely or substantially solely of the VGCF according to the 
present invention can offer the advantage that they are superior in characteristics as a carrier for acatatysL 
As the composite members according to the present invention, there may be mentioned, for example, com- 
posite materials and composite molded members, each consisting of the VGCF according to the present in- 
20 vention and themabix. 

The composite nmterials may include, for example, those which have the VGCF according to the present 
invention dispersed in the matrix such as a thermosetting resin and thermplastic resin. The composite nK>lded 
members may include, for example, those which are molded members consisting of the VGC according to the 
present invention and the matrix. As the matrix to be used for the composite materials, there may be mentioned, 
25 for example, a resin such as the thermosetting resin, the thermoplastix resin, a metal, a rubber material, an 
adhesive composition, a paint composition, or the like. As the n>atrix to be used for the composite molded menrv 
bers, there may be used, for example, a resin, a metal, a rubbery material, or the like. The quantity of the VGCF 
according to the present invention to be used for the composite materialsor the composite molded members 
may be usually 50% by weight or more with respect to the total weight of the composite membere. As the conn- 
so posite materials can impart good properties to the molded state of the nndded products and they can be densly 
packed at high VGCF fraction, the products such as paints and adhesives can provide the resulting film with 
a physically high strength, a high electrical conductivity, and a high thermal conductivity. The composite nKdd- 
ed memt>ere can offer excellent processing characteristics that the processed surfeces are provkied with beau- 
tifiil finish, in addition to the characteristics that can be achieved by the composite materials. Hence, the com- 
35 posite members according to the present invention, such as the composite materials and the composite molded 
members, can be used as a high electrically and thermally conductive material, a carrier for a catalyst, or the 
like. 

The present invention will be described more in detail by way of examples. It should be understood herein 
that the present invention should not be interpreted In any respect to be limited to the examples as will be de- 
40 scribed hereinafter and ttiat any modifteations or changes shoukf be encompassed within the spirit and the 
scope of the invention. 

Example 1: 

45 Vapor-grown cart>on fibers having a mean fiber diameter of 0.8 ^m, a mean fiber length of 132 ^ and a 
mean aspect ratio of 165 were placed in an atmosphere in which argon gas s filled, and the cartwn f ibere were 
subjected to graphitization at 2,800**C for 30 minutes. Thereafter, the resulting pre-VGCF were fractured by 
applying a high Impact at 8,000 rpm (a peripheral speed: 100 metere per second) for 2 minutes with a high- 
impact treatment apparatus or a hybridizer (Model= NHS-1; ICK. Nara Kikai Seisakusho) while flowing gas at 

so a high speed. After the fracture treatment has been finished, 100 fibers were chosen in arandom way and they 
were observed with a scanning electronmicroscope. As a result of the observation with the scanning electron 
mk»>scope, it has been found that they had a mean fiber diameter of 0.8 ^m, a mean fiber lengthof 8.4 pm, 
and a mean aspect ratio of 10.5. The fibers were then measured for a spin density in a magnetk: field sweep 
rang of325.4±25mTwithan I ctronspinres nancemeasurenMntdevice(Modei: J ES-FE3XG; Nippon D n- 

55 shiK-K.). As a result, it was found that th fibers had an absorpti n peak at a spin density f 6.2x lO^^spins/g 
atg=2.015.Wh n the treatment by th fracture wasoontinued for 40 minutes, th absorption peak was reduced 
to a spin density of 1 .6 x 1 0^^ spins/g. 

After the pre-VGCF were subjected to the treatment by the fracture for 2 minutes, they were mixed with 
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a mixture of a phenol resin with m thanot so as to account for 60% by weight, 70% by weight, and 80% by 
weight, respectively, when translated Into th percentag byw ightaft rvaporization of methanol. Thereafter, 
bubbles present in the resulting mbdure were remav d and th mixture was coated on a glass plate, followed 
by drying it at 80 ^'C for 10 minutes and then at 150 ''C for 10 minutes to vaporize methanol and to become 
5 set Th n, a look of the coating was observed and a surface resistance th reof was measured. Th results 
are shown In Table 1 below. 



TABLE 1 
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7 . 3 


o 



Notes: * O " State o£ coating sustained, 
hicfb strength, and smooth surface 
" O " - State of coating sustained. 

35 

and ready for use. 



Comparative Example 1: 

40 

Vapor-grown carbon fibers having a mean fiber diameter of 0.8 ^m , a mean fiber length of 132 (im and 
amean aspect ratio of 165 were fractured by applying a high impact at 8,000 rpm for 2 minutes with ahigh- 
impact treatment apparatus or a hybridizer (Model: NHS-1 ; K.K. Nara Kikai Seisakusho), and the fractured car- 
bon fibers were then placed in an atmosphere in ¥rhich argon gas is f Died and subjected to graphitizatlon at 
45 . 2.800 ""C for 30 minutes. The resulting carbon fibers had a mean aspect ratio of 12. The resulting vapor-grown 
and graphitized cartmn fibers were then measured for a spin density in the sarhe manner as in Example 1 . As 
a result, it was found that the fibers had an absorption peak at a spin density of 9.3 x 10^^ spins/gat g=2.01 5. 
When the treatment by the fracture was continued for 40 minutes, it was not found that the spin density was 
decreased to a large extent Thereafter, the vapor-grown and graphitized carbon fibers were treated in sub- 
so stantially the same manner as in Example 1. The results are shown in Table 2 below. 



55 
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TABLE 2 



5 


Rate of 


Surface 


State of 




Carbon Fibers 


Resistance 


Coating 


10 


{% by weight) 


( Q ) 




15 


6 0 


11.2 


O 










7 0 


17.2 


A 


20 


8 0 


Not 
measurable 


X 



25 

Notes: " O " - Form of coating sustained. 



and ready for use. 
" A " - Form of coating sustained, 

30 

yet the surface of the coating 
may break upon some operations 
35 " X " - No form of coating sustained, 

the coating may break upon touch 



40 Example 2: 

Vapor-grown cartx>n fibers having a mean fiber diameter of 1 .3 pm, a mean fiber length of 110 pm and a 
mean aspect ratio of 84.6 were placed in an atmosphere in which argon gas Is filled, and the vapor-grown car- 
bon fibers were subjected to graphitization at 2,500^ for 20 minutes. Thereafter.the resulting pre-VGCFwere 

45 fractured by applying a high impact at 7^00 rpm (a peripheral speed: 90 meters per second) for 2 minutes wit h- 
the high-impact treatment apparatus whDe flowing gas at a high speed. After the fracture treatment has been 
finished, 100 fibers were chosen in a random way and they were observed with a scanning electron micro- 
scope. As a result of the observation with the scanning electron microscope, it has been found that they had 
a mean fiber diameter of 1 .3 ^m, a mean fiber length of 20 pm . a mean aspect ratio of 1 5.4, and a spin density 

50 of 5.9 X lO^^pins/g at g=2.015. Thereafter, the VGCF were mbced with a polyethylene fine powder so as to 
account for 0.5% by weight and 10% by weight The resulting mixture was packed into a rubber tube having 
an inner diameter of 25 mm and a length of 60 mm and the rubber tube was pressurized at 7,000 kg/cm^ ^fth 
a pressurizing machine (Model: BIP; Nikkiso K.K.) to form a nK>lded member. The molded member was meas- 
ured f r its apparent d nsityandal ok of the mold d member was bserved.Th re ults are shown in Table 

55 3 below. 
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TABLE 3 



Rate of 
Binding 
Material 
(% by weight) 


Apparent 
Density 


State of 
Coating 


0 


1.54 


O 


5 


1.79 


o 


1 0 


1.84 


o 



Notes: "O " - State of coating sustained, 

high strength, and smooth surface 
"O " - State of coating sustained, 
and ready for use* 



Comparative Example 2: 

The procedures in Example 2 were foliowed In the same manner, except for fracturing the pre-VGCF at a 
high Impact whfle flowing gas at a high speed and then graphltizing it The results are shown in Table 4 t)elow. 
It is noted hereinthat the lesulting VGC had a mean aspect ratio of 1 7 and a spin density of 9.1 x IO^b spins/g. 
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T A 


B L E 4 




Rate o£ 
Binding 
Haterial 
(% by weight) 


Apparent 
Density 


State of 
Coating 


0 


1.16 


A 


5 


1.22 


A 


1 0 


1.45 


O 



Notes: "O " - State of coating sustained, 
and ready for use 
"A " - State of coating sustained, 
yet the surface of the coating 
may break upon operations 



Comparative Example 3: 

The procedures in Example 2 were followed In the same manner, except for fracturing the vapor-grown 
carbon f it>ers at 2.000 rpm (a peripheral speed: 25 meters per second) while flowing gas at a high speed and 
then graphitizing IL it is noted herein that the resulting VGCF had a mean aspect ratio of 53 and a spin density 
of 9.3 X 1 0^^ splns/g. The results are shown in Table 4 below. 
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T A 


B L E 5 




K 


Rate of 








Binding 


Apparent 


State of 


10 


Material 

(% by weight) 


Density 


Coating 


15 


0 


- 


X 


20 


5 




X 




1 0 


1.26 


A 



25 

Notes: "A " - State of coating sustained. 



yet the surface of the coating 
30 ™ay break upon operations 

" X " - No shape formed and coating 
may break upon touch 

3S 

Example 3: 

Carbon fibers grown in the vapor phase by the flow method and having a mean fiber diameter of 2.3 |im 
and a mean fiber length of 200 |un or larger were graphitizedat 2,800 **C in argon gas The resulting vapor- 

40 grown and graphitized cart>on fibers were charged In t he hybridizer and fractured at 8,000 rpm for 3 minutest 
a result, there were prepared the grown-in-the-vapor-phase and graphitized carbon fibers having a mean fiber 
diameter of 2.2 ^m, a mean fiber length of 14.6 ^m, and a spin density of 3.7 x 10^® spins/g at g=2.015. 

On the other hand, a solution was prepared by placing 0.05 gram of polyvinylidene fluoride in an agate 
mortar and admixing it with 0.5 cc of l-methyl-2-pyrrolidone. 

45 To the resulting solution were added 0.95 gram of the grown-in-the-vapor-phaee and graphitized carbon 
fibera prepared hereinabove and the mixture was stirred well to give a paste. 

Then, an electrode was prepared by coating the resulting paste on a top of 10 mm x 40 mm nickel mesh 
washed well with acetone so as to cover its area of 10 mm x 10 mm surface of the nickel mesh, followed by 
drying the coating at 100<*C for 23 hours in vacuo. 

so A three-electrode cell was assembled with the resulting electrode in a gk)ve box having an atmosphere in 
which oxygen and water content were replenished suff icientiy with argon gas. As the counter electrode and 
the reference electrode, there were usedeach a 10 mm x 40 mm x 2 mm metallic lithium. Further, as an elec- 
trolyte, there was used a solution prepared by dissolving LiCI04 in a 1:1 mbcture of ethylene carbonateand die- 
thyl carbonate so as to have LJCIO4 contained at the concentration of 1 mole per liter. 

55 Each of the electrodes was connected with a charge-discharge unit and allowed to stand until th voltag 
became constant Thereafter, the charg and th discharg cycles between 0 V and 2.5 V of pot ntial differ- 
nee between the w rking lectrod and the reference electrode were repeated. The results up to three cydes 
are shown in Table 6 bel w. 
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Comparative Example 4: 

Carixin fibers and having a mean fiber diameter of 2.3 iun and a mean fiber length of 200 ^m or larger 
grown in the vapor phase by the flow method were fractured with th hybridizer at 8,000 rpm for 3 minutes to 
5 th rebyyi Id the carbon fibers, f llowed by carrying out th graphitizatk>n by heating th carbon fibers at 2,800 
in argon gas. TTie resulting carbon fibers were found to have a mean fiber diameter of 2.2 pm, a mean fiber 
lengthof 18.3 jun, and a spin density of 9.3 x 10^« spins/g at g=2.015. The grown-in-the-vapor-phase and 
graphitized cart)on fibers were then formed into a three-electrode cellin the same manner as In Example 3. 
Table 6 below Indicates the results up to three repeta'ttons. 

10 

TABLE 6 



15 





NO. OF CY- 
CLES 


CHARGE AMOUNT 
(mAHr/g) 


DISCHARQ AMOUNT 
(mAHi/g 


COULOMB EFFICIEN- 
CY(%) 


EXAMPi^3 


1 


460 


385 


84 


2 


398 


375 


94 


3 


390 


370 


95 


COMPARA- 
TIVE EXAM- 
PLE4 


1 


362 


235 


65 


2 


311 


227 


73 


3 


275 


220 


81 



The VGCF according to the present invention aresuitaUe for the preparation of the composRe members 
such as composite materials, which are compounded at a high packing density with a plastic material, a rubbery 
material, a metallic material, a ceramic material, a paint composition, an adhesive composition, or the like, and 
composite molded members consisting solely or substantially solely of the VGCF fractured In accordance with 
^ the present inventk>n, which may contain a small amount of a binding material. 

The process fior the preparatkMi of the VGCF according to the present invention comprises subjecting the 
carbon fibers grown in the vapor phase to graphitization and then to fracture them by applying a high Impact 
thereto, thereby providing the VGCF with the fracture plane having a less amount of oxygen radicals. 

The molded members according to the present invention consist solely or substantially solely of the VGCF 
35 so that the VGCF can be in contact with one another to such a sufficient extent that they are provided with 
remarkably high electrical and thermal conductivity. They can also be used appropriately as a carrier for a cat- 
alyst The mokied members are excellent in an electrode for lithium ton secondary battery in %vhich lithium 
fornis intercalatton with cart>on. 

The composite members according to the present invention can impart a good state to their molded prod- 
40 ucts and contain the VGCF at a high packing density. When the composite members according to the present 
invention are used as a paint or an adhesive, the resulting film can give a highly strong film and a highly elec- 
trically and thermally conductive film. When the composite members are formed into the mokied members, 
the resulting molded members can demonstrate superi or processing characteistics such as imparting a beau- 
tiful finish to their processed surfaces, in addition to those properties as described hereinabove. 
^ Hence, the molded members and the composite members according to the present inventton can be eno- 
ployed as a material having a high degree of electrical and thennal conductivity and as a carrier for a catalyst 

Claims 

so 

1. Carbon fibers grown in a vapor phase, graphitized and then fractured, having a mean fiber dianr^eter of 5 
\in\ or sn^ler, a mean fiber length of 90 ^m or shorter, a mean aspect ratio of from 1 to 18, and a spin 
density of 8 x lO^^ spins/g or less, when measured by the electron spin resonance absorptton method. 

^ 2. Vap r-grown and graphitized carbon fibers as claimed in claim 1,wh re said vapor-grown and graphitized 
carbon fibers have a m an fiber diameter ranging from 0.1 ixm to 3 ^m . 

3. Vapor-grown and graphitized cart>on fibers as claimed in daim 1 , where said vapor-grown and graphitized 
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carbon fibers have a m an fiber diameter ranging from 0.3 ^m to 2 |tm. 

4. Vapor-^rown and graphitized cartx>n fibers as claimed in daim 1 • wh re said vapor-grown and graphttized 
carbon fibers have a mean fiber length of 90 pm rless. 

s 

5. Vapor-^rown and graphitized carbon fibers as claimed in daim 1 , where said vapor-grown and graphitized 
carbon fibers have an aspect ratio of from 1 to 18. 

6. Vapor-grown and graphitized cart)on fibers as daimed in daim 1 , where said vapor-grown and graphitized 
carbon fibers have an aspect ratio of from 2 to 16. 

7. Vapor-grown and graphitized carbon fibers as daimed In daim 1 , where said vapor-grown and graphitized 
carbon fibere have an aspect ratio of from 5 to 15. 

8. Vapor-grown and graphitized carbon f Ibera as daimed in daim 1 , where said vapor-grown and graphitized 
carbon fibere have an Interplanar distance (dooz) of a graphite lattice of 3.45A or less. 

9. Vapor-grown and graphitized carbon fibers as daimed In daim 1 , where said vapor-grown and graphitized 
carbon fibers have an interplanar distance (dooz) of a graphite lattice of from 3.35 A to 3.42A . 

20 19- Vapor-grown and graphitized carton fibere as daimed in daim 1 , where said vapor-grown and graphitized 
carbon fibere have an Inteplanar distance (dooz) of a graphite lattice of from 3.35 A to 3.37A . 

11. Vapor-grown and graphitized carbon fibere as daimed in daim i , where said vapor-grown and graphitized 
carbon fibere have a thickness (Le) of a laminated lattices In a crystal of 30 Aor thicker. 

25 

12. Vapor-grown and graphitizedcarbon fibere as daimed in daim 1. where saM vapor-grown and graphttized 
carbon fibere have a thickness (U) of a lanimated lattices in a crystal of 300A or thteker. 

13. Vapor-grown and graphitized carbon fibere as daimed in daim 1 , where said vapor-^own and graphitized 
carbon fibere have a thickness (U) of a laminated lattices in a crystal of 1,000A or thicker. 

30 

14. A process for the preparation of vapor-grown and graphitized cart)on fibere. having a mean fiber diameter 
of 5 pm or smaller, a mean f iberlength of 90 |im or shorter, a mean aspect ratio of from 1 to 18, and a 
spin density of 8 x 1 0^ ^ splns/g or less, when measured by the electron spin resonance al>sorption method, 
comprising: subjecting substantially non-fractured carbon f it>ere grown In a vapor phase to graphitizatibn 

35 at temperature of 2,000^C or higher and then sub^cting the resulting vapor-grown and graphitized carbon 

fibers to fracture treatment by applying a high impact so as to have a spin density of 8 x 10^^ spins/g or 
less,when measured by the electron spin resonance absorption method. 

1& A process Ibr the preparatton of vapor-grown and graphitized carbon fibere as daimed in claim 14, wherein 
40 said frachjre treatment is carried out with a high-impact treatment apparatus comprising a cyllndricai con- 

tainer having a plurality of impact blades so arranged radially as to be rotatable and a self-drculation path- 
way serving as a passage of flow, so arranged as to connect an peripherally outer side wall of saki cyl- 
indrical container with a central portion of a flat plate surface of said cylindrical container. 

45 18. Aproces8fbrthepreparatk)nofvapor-grownandgraphitizedcarbonfibereasdainwdinclaim15,wherein 
sakI impact blades are rotated at 40 metere per second or higher. 

17. A molded member consisting substantially solely of vapor-grown and graphitized cart)on fibere having a 
mean fiber diameter of 5 pm or smaller, a mean fiber length of 90 |im or shorter, a mean aspect ratio of 

^ from 1 to 1 8, and a spin density of 8 x 1 0^^ spins/g or less, when measured by the electron spin resonance 

absofption method. 

18. Amdded member as daimed in daim 17. wherein said molded menber has a mean fiber diameter of from 
1.5 pm to 3.0 pm . 

^ 19. A oomposHs member comprising vapor-grown and graphitized carbon fibere having a mean fiber diameter 
f5pm rsmall r.ameanfib rl ngthof90|im r shorter, a mean aspect rati of from 1 to 18, and a 
spin den8ityof8x10i^ spins/g or less, wh nnmasuredbyth electron spin resonance at>sorptionm thod. 
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and a matrix. 

20. Aoompositam mberas claimed in daim 18, wh rein said vapor-grown and graphitized carbon fibers are 
contained at a rate of 50% by weight or more. 

5 
10 
15 
20 
25 
30 
35 
40 
45 
SO 
55 
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FIG. 1 
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